The Central Hebei Basin (CHB) is one of the largest sedimentary basins in the North China Craton, extending in a northeastesouthwest direction with an area of >350 km 2 . We carried out SHRIMP zircon dating, Hf-in-zircon isotopic analysis and a whole-rock geochemical study on igneous and metasedimentary rocks recovered from drill holes that penetrated into the basement of the CHB. Two samples of gneissic granodiorite (XG1-1) and gneissic quartz diorite (J48-1) have magmatic ages of 2500 and 2496 Ma, respectively. Their zircons also record metamorphic ages of 2.41e2.51 and w2.5 Ga, respectively. Compared with the gneissic granodiorite, the gneissic quartz diorite has higher SREE contents and lower Eu/Eu* and (La/Yb) n values. Two metasedimentary samples (MG1, H5) mainly contain w2.5 Ga detrital zircons as well as late Paleoproterozoic metamorphic grains. The zircons of different origins have ε Hf (2.5 Ga) values and Hf crustal model ages ranging from 0 to 5 and 2.7 to 2.9 Ga, respectively. Therefore, w2.5 Ga magmatic and Paleoproterozoic metasedimentary rocks and late Neoarchean to early Paleoproterozoic and late Paleoproterozoic tectono-thermal events have been identified in the basement beneath the CHB. Based on regional comparisons, we conclude that the early Precambrian basement beneath the CHB is part of the North China Craton.
Introduction
Geological, geochemical and geochronological studies revealed many common features in the exposed early Precambrian rocks of the North China Craton (NCC) Zhai and Santosh, 2011; Zhao and Zhai, 2013 and references therein) , which are summarized as follows: (1) the NCC underwent a long and complex tectono-magmatic history back to 3.8 Ga, with 2.8e3.8 Ga rocks having been identified in several areas; (2) juvenile additions of crust from mantle sources were generated in the late Mesoarchean to early Neoarchean and constitute an important crust formation event; (3) the NCC is different from several other cratons in having experienced extensive late Neoarchean tectono-thermal events that resulted in recycling of more ancient crustal material, besides juvenile crustal additions; (4) all or parts of the NCC experienced an extensional tectonic event during the latest Neoarchean as a mark of cratonic stabilization; (5) Paleoproterozoic geological processes in the NCC were much more complex than thought before, with 2.4e2.49 Ga metamorphism and 2.0e2.35 Ga magmatism having been identified in many areas; (6) late Paleoproterozoic (1.8e1.95 Ga) tectono-thermal events occurred widely in the NCC and led to a unified craton towards the end of the Paleoproterozoic. However, the NCC is extensively covered by Mesoproterozoic and younger sedimentary sequences. Zircon dating of rocks recovered from drill holes into the basement was carried out in only a few basins. One such study revealed late Paleoproterozoic magmatism and metamorphism in basement rocks beneath the Songliao basin in the northeastern NCC (Pei et al., 2007) , whereas another study indicated that the Ordos basement in the western NCC was involved in a widespread late Paleoproterozoic tectono-thermal event (Hu et al., 2012; Wan et al., 2013) .
The Central Hebei Basin (CHB) is one of the largest basins in the NCC, and we carried out SHRIMP zircon dating, Hf-in-zircon isotopic analysis and a whole-rock geochemical study of magmatic and metasedimentary rocks recovered from drill holes that penetrated its basement.
Geological background
The CHB extends in a northeastesouthwest direction with an area of >350 km 2 ( Fig. 1 ). Its basement is entirely covered by Mesoproterozoic and younger sedimentary rocks. Based on drill core data and geophysical investigations (NCOCP, 2012) , the basement is composed of magmatic (mainly granitoids) and supracrustal rocks (mainly amphibolite, biotite plagioclase gneiss and schist) with greenschist-to upper amphibolite-facies metamorphism and local anatexis. The bottom of the basin shows upand-down elevations with the greatest depth being >5000 m. In some areas the early Precambrian basement constitutes buried hills that are controlled by northeastesouthwest faults and extend roughly in the same direction as the basin. Early Precambrian rocks occur extensively around the CHB. In the northwest and west of the basin there are the early Precambrian Fuping and Zanhuang complexes that contain 1.8e1.9, Figure 1 . Geological map of the Central Hebei Basin and surrounding areas (modified after NCOCP, 2012), showing sample locations in this study. The identification of early Precambrian rocks within the Central Hebei Basin is based on drill core data and geophysical investigations.
2.0e2.2, 2.5e2.55 and w2.7 Ga granitoids and 1.83e1.92 Ga metamorphic rocks (Zhao et al., 2000 (Zhao et al., , 2002 Guan et al., 2002; Cheng et al., 2004; Yang et al., 2004 Yang et al., , 2011a Yang et al., , 2011b Yang et al., , 2013 Trap et al., 2008 Trap et al., , 2009 Xiao et al., 2011; Han et al., 2012) . In eastern Hebei, northeast of the basin, Archean supracrustal and magmatic rocks occur widely (Liu et al., 1992 Geng et al., 2006; Yang et al., 2008; Wilde et al., 2008; Nutman et al., 2011; Zhang et al., 2011 Zhang et al., , 2012a Zhang et al., , 2012b . In the southeast of the basin is the Huanghua depression beneath which basement rocks are also suspected. Four samples for this study were obtained from drill holes that went up to one or more than 10 m into the basement rocks. The locations are shown in Fig. 1 , and general information about the samples is provided in Table 1 . The petrographic features are summarized below.
Gneissic granodiorite (XG1-1)
This sample was taken from a drill hole in the northeastern portion of the basin. It shows a gneissic structure (Fig. 2a) and consists of plagioclase, quartz and biotite. Fine-grained plagioclase occurs as aggregates and is altered to epidote and sericite with some phenocrysts showing polysynthetic twinning. Some fine-grained dirty grains may be K-feldspar, but this is difficult to determine under the microscope. Quartz grains are coarser-grained than feldspar, show undulose extinction and are oriented as aggregates parallel to feldspar aggregates, defining a strong foliation. There are fine aggregates of chlorite as a result of alteration of biotite.
Anatectic biotite K-feldspar paragneiss (MG1)
This sample comes from a drill hole in the central portion of the basin. The rock is inhomogeneous and shows an anatectic texture with K-feldspar-rich leucosome batches (Fig. 2b) . It is composed of feldspar, quartz and biotite. Feldspar is dirty (probably seriticized) and is considered to be mainly K-feldspar because the rock contains high K 2 O and low Na 2 O (Table 1) . Some quartz grains are oriented as aggregates. Biotite occurs as aggregates parallel to quartz aggregates and is partly altered to chlorite. It is difficult to determine the protolith of the rock because of strong deformation, metamorphism and anatexis. We prefer a sedimentary origin because of high K 2 O and low Na 2 O (although this is partly due to the analyzed sample containing leucosome) and that it is interlayered with garnet two-feldspar paragneiss (NCOCP, 2012).
Muscovite-bearing K-feldspar quartzite (H5)
This sample is from a drill core in the southwestern portion of the basin and shows a layered structure (Fig. 2c) . The rock is mainly composed of quartz and K-feldspar with some muscovite. Quartz is fine-grained and shows a triple junction texture. K-feldspar occurs as small grains or porphyroclasts. Fine-grained muscovite flakes are scattered between quartz grains but show orientation, and some muscovite seems to have formed by alteration of K-feldspar. These features suggest that the rock underwent recrystallization after strong deformation.
Gneissic quartz diorite (J48-1)
This sample was taken from a drill hole about 30 km southwest of sample H5. The rock is gray in color and shows a weak gneissic structure (Fig. 2d) . It is mainly composed of plagioclase, quartz and biotite. Plagioclase is strongly altered to sericite and epidote. Some feldspar grains show weaker alteration and are considered to be Kfeldspar. Many biotite flakes are altered to chlorite and a dark mineral. Quartz does not occur as aggregates, and this suggests that the rock did not undergo strong deformation.
Analytical techniques
Major oxides were analyzed by XRF and trace elements by ICPMS in the Institute of Geological Analysis, Chinese Academy of Geological Science (CAGS), Beijing. Uncertainties for XRF and ICPMS are estimated at 3e5% and 3e8%, respectively.
Zircon dating was carried out on the SHRIMP II ion microprobe at the Beijing SHRIMP Center, Institute of Geology, CAGS. The analytical procedures were similar to those described by Williams (1998) . Five scans through the mass stations were made for each age determination. The intensity of the primary ion beam was 3e4 nA. Primary beam size was w30 mm, and each site was rastered for 120e200 s prior to analysis. Standards M257 (U ¼ 840 ppm, Nasdala et al., 2008) Black et al., 2003) were used for calibration of U abundance and 206 Pb/ 238 U ratio respectively. The TEMORA 1 to unknown ratio was 1:3e4. Data processing and assessment was carried out using the SQUID and ISOPLOT programs (Ludwig, 2001 (Ludwig, , 2003 . The measured 204 Pb was used for common lead correction.
207
Pb/ 206 Pb ratios were used to assess the age of all samples. The uncertainties for individual analyses are quoted at the 1s level, whereas uncertainties on weighted mean ages are quoted at the 95% confidence level. In-situ zircon Hf isotopic analyses were conducted on a Finnigan Neptune MC-ICPMS with a NewWave UP213 laser ablation microprobe at the Institute of Mineral Resources, CAGS. The detailed analytical procedures were described by Hou et al. (2007) . Analyses were carried out using a laser beam diameter of 55 mm. The standard GJ-l zircon was analyzed to check for instrument reliability and stability. Calculation of ε Hf (t) values was based on a decay constant for 176 Lu of 1.867 Â 10 À11 a À1 (Söderlund et al., 2004) and Hf value of 0.01 (Kröner et al., 2014) , rather than 0.015 (Griffin et al., 2000) for the average continental crust.
Zircon dating

Gneissic granodiorite (XG1-1)
The zircons are stubby, elliptical or round in shape and show complex textures in cathodoluminescence (CL) images (Fig. 3aec) . Magmatic zircons show oscillatory zoning and recrystallization to different degrees. The recrystallized domains can be subdivided into two types, inner dark and outer light domains. Some light domains show weak zoning, but others are homogeneous. It cannot be excluded that some light domains are overgrowth rims. It is evident that the rounded terminations are not the original shapes of the zircons but resulted from "metamorphic corrosion", a typical feature in medium to high-grade metamorphic rocks due to dissolution of the pyramidal terminations . This indicates that the relationships between outer shape and inner texture cannot be used as indictors of zircon origins. Twenty-one analyses were taken on 18 zircons ( which is considered to record a tectono-thermal event at the early Paleoproterozoic. Seven analyses on recrystallized light domains have much lower U contents (13e21 ppm) and higher Th/U ratios (1.75e4.44) than the dark ones and show a similar age variation to the dark domains but with large errors due to low U contents. The variations in U contents and Th/U ratios resulted from redistribution of U and Th in the recrystallized parts of magmatic zircons. However, some recrystallized grains almost entirely became light domains, suggesting that U and Th were removed from the zircons with U easier to be removed than Th, probably under fluid conditions.
Anatectic biotite K-feldspar paragneiss (MG1)
The detrital zircons are stubby with rounded terminations and show complex textures in CL images (Fig. 3def) . The cores show oscillatory zoning, but most show recrystallization. It is difficult to determine when the inner light domains underwent recrystallization (before or after deposition), but we treat them as cores. Sixteen analyses on the cores yielded U contents and Th/U ratios of 152e1574 ppm and 0.22e1.26, excepting 6.1D and 20.1D which have Th/U ratios of 3.14 and 6.41 (Table 2) probably due to analysis spots on Th-high mineral inclusions. They show strong lead loss but define a discordia line with an upper intercept age of w2.5 Ga (Fig. 4b) . Analysis 2.2D is on an inherited core and has a 207 Pb/ 206 Pb age of 2634 Ma (Fig. 3e , grain 2). This suggests that the magmatic rocks in the source region at least partly contained older continental material. The outer dark domains look like overgrowth rims, but some show blurred zoning (Fig. 3d, grain 17; Fig. 3f, grain 19) , indicating that they formed by recrystallization, probably under fluid conditions. Seven analyses on the dark domains have U contents and Th/U ratios of 841e2268 ppm and 0.09e0.44 (Table 2) . They show stronger lead loss than the cores, and no precise ages could be obtained. We speculate that recrystallization was related to a tectono-thermal event at the end of the Paleoproterozoic because no tectono-thermal event <1.8 Ga has so far been reported in the central NCC. The outermost light "rims" are also considered to have formed as a result of recrystallization during which U and Th were redistributed between the light and dark domains.
Muscovite-bearing K-feldspar quartzite (H5)
Besides their shapes, the zircons show large variations in internal texture, such as oscillatory zoning (Fig. 3g , grain 1), banded zoning (Fig. 3h , grain 9), sector zoning (Fig. 3g, grain 3) or strong recrystallization (Fig. 3h, grain 5 ; Fig. 3i , grains 8 and 12). Eighteen analyses yielded U contents and Th/U ratios of 30e767 ppm and 0.36e1.94 (Table 2 ) and exhibit lead loss to different degrees but plot roughly on a discordia line with 3 analyses on concordia (Fig. 4c) . It is evident that the source region(s) are mainly composed of w2.5 Ga rocks. Some zircons have metamorphic rims, but these are too narrow for SHRIMP analysis (Fig. 3h, grain 5 ; Fig. 3i , grain 12). We consider that metamorphism occurred at the end of the Paleoproterozoic for the same reason as mentioned for sample MG1.
Gneissic quartz diorite (J48-1)
The magmatic zircons are stubby in shape and show oscillatory zoning but with most undergoing recrystallization (Fig. 3jel) . Two recrystallized domains can be subdivided. One is homogeneous and light gray in CL images (Fig. 3j, grain 3; Fig. 3k, grain 7) , another is inhomogeneous with light and dark intergrowths that commonly occur in the outermost domains of zircons (Fig. 3j, grains 2 and 11 ; Fig. 3l, grain 9 ). Forty-nine analyses were carried out on 32 zircons (Table 2) . Thirteen analyses on magmatic domains have U contents of 153e520 ppm and Th/U ratios of 0.36e0.93. They show strong lead loss but define a discordant line with 7 analyses closest to concordia yielding an upper intercept age of 2496 AE 14 Ma (MSWD ¼ 1.7) (Fig. 4d) that is interpreted as the intrusive age of the quartz diorite. Thirteen analyses on inhomogeneous, dark domains have U contents of 279e740 ppm and Th/U ratios of 0.02e0.89. Eight analyses on the homogeneous, light domains have U contents of 26e213 ppm and Th/U ratios of 0.02e0.33, being lower than the magmatic domains. This is different from the zircons of sample XG1-1 in which the recrystallized, light domains have much higher Th/U ratios than magmatic domains, probably indicating that their recrystallization occurred under different conditions (mainly fluid composition, redox condition, pH value and temperature). The analyses on recrystallized domains plot on the same discordia line as the analyses on magmatic domains. Therefore, we consider that the rock underwent metamorphism soon after its formation. There are also trapped 2576e2690 Ma zircon cores (Fig. 3j , grains 2 and 11; Fig. 4d ).
Geochemistry and Hf-in-zircon isotopes
Whole-rock compositions
The chemical analyses of the dated rock samples are listed in Table 3 and shown in Fig. 5 
Hf-in-zircon isotopes
In-situ Hf-in-zircon isotopic analyses were obtained from all the dated samples. Analyses were taken on the SHRIMP spots, and we used the Table 4 and shown in Fig. 6 . Three analyses on magmatic zircons from gneissic granodiorite sample XG1-1 have ε Hf (t) values of 1.21e2.89 and crustal Hf model ages t DM2(CC) of 2.8e2.9 Ga. Eleven analyses on magmatic zircons from gneissic quartz diorite sample J48-1 have ε Hf (t) values and t DM2(CC) ages ranging from À1.57 to 4.47 and 2.6 to 2.9 Ga, respectively. The xenocrystic zircons have t DM2(CC) ages of 2.9e3.0 Ga (spots 2-1C, 8-1C). For the two magmatic rocks, the recrystallized zircon domains show similar Hf isotopic compositions to the magmatic zircons. This suggests that the Lu-Hf isotopic system was not disturbed during metamorphism. Detrital zircons from the two metasedimentary samples have ε Hf (t) values and t DM2(CC) ages ranging from À3.34 to 5.74 and 2.7 to 3.0 Ga, respectively, but those from sample H5 show stronger depletion in Hf isotopes. The somewhat large ε Hf (t) variations in these zircons are mainly due to 207 Pb/ 206 Pb age variations because of lead loss. Given an age of 2.5 Ga to calculate ε Hf (t), the values are mainly between 0 and 5, with most zircons having t DM2(CC) ages of 2.7e2.9 Ga.
Discussion
We identified w2.5 Ga old granodiorite and quartz diorite although their spatial distribution is uncertain. The granodiorite (XG1-1) has a relatively high K 2 O content (2.79 wt.%) and low MgO þ FeO T (2.54 wt.%) and Cr (19 ppm) contents and shows a positive Eu*/Eu anomaly (2.35). Combined with the magmatic zircons having low ε Hf (t) values (1.2e2.9), the rock is considered to be derived from, or at least partly influenced by, continental material. Its strongly fractionated REE pattern dose not mean that it formed by partial melting of a basaltic source under high pressure conditions but reflects the compositional feature of a continental source and Cr (100 ppm) contents with a weakly fractionated REE but high SREE pattern. It seems to have formed as a result of crystallizationdifferentiation of more mafic magma, possibly indicating a juvenile addition of crust from a mantle source. On the other hand, the rock contains 2.6e2.7 Ga xenocrystic zircon cores, and the magmatic zircons have low ε Hf (t) values, not only suggesting that early Neoarchean rocks occur in the basement but also that these were involved in w2.5 Ga magmatism. The w2.5 Ga granodiorite and quartz diorite also occur in other areas of the NCC such as western Shandong and eastern Hebei, where w2.5 Ga tonalite, trondhjemite, monzogranite and syenogranite are widely distributed (Geng et al., 2006; Yang et al., 2008; Wan et al., 2010 Wan et al., , 2011b Nutman et al., 2011) . We speculate that these rock types may also occur in the basement beneath the CHB. Most detrital zircons from the two metasedimentary samples have ages of w2.5 Ga. This suggests that the source region is almost entirely composed of late Neoarchean rocks. However, detrital zircons from the muscovite-bearing K-feldspar quartzite (H5) show large variations in internal texture, and this may suggest a certain diversity of rock types and metamorphic grade in the source region. Many detrital zircons show strong lead loss due to high U and Th contents and have ε Hf (2.5 Ga) values ranging from 0 to 5. We suggest that the detrital material was derived from a source region that is mainly composed of granitoids derived from crustal reworking of late Mesoarchean to early Neoarchean continental material such as the Archean basement around the basin. In this study, no detrital zircons younger than w2.5 Ga have been identified, and the metamorphic zircons are w1.8 Ga in age. Therefore, we are able to constrain the time of deposition for the sedimentary rocks between w1.8 and 2.5 Ga. More work is required to determine whether the sedimentary rocks were deposited during the early to middle Paleoproterozoic such as the Daqingshan supracrustal rocks in the Daqingshan area Dong et al., 2014) and the Shangtaihua Group in the Lushan area (Wan et al., 2006a) , or during the late Paleoproterozoic such the khondalites which are widely distributed in the northern NCC (Wan et al., 2006b; Santosh et al., 2009; Zhao et al., 2010; Dong et al., 2012) .
All dated rocks of this study underwent metamorphism and deformation. The gneissic quartz diorite sample (J48-1) recorded a metamorphic age of w2.5 Ga. The recrystallized dark domains of zircons from the gneissic granodiorite sample (XG1-1) have 207 Pb/ 206 Pb ages ranging from 2.4 to 2.5 Ga. The metamorphic age of w2.4 Ga recorded in sample XG1-1 has also been identified elsewhere in the NCC, but its geological meaning is still uncertain (Dong et al., 2014, references therein) . No precise ages for metamorphic zircons have been obtained for the metasedimentary rocks (MG1, H5) that were deposited during the Paleoproterozoic. However, they underwent a tectono-thermal event at the end of the Paleoproterozoic, as discussed above.
We summarized the common features of the NCC basement in the introduction. It is evident that the basement beneath the CHB is similar in many aspects to the basement elsewhere in the NCC. 
Conclusions
1) The basement beneath the CHB contains w2.5 Ga magmatic and Paleoproterozoic metasedimentary rocks. 2) Zircons of different origins yielded ε Hf (2.5 Ga) values and Hf crustal modal ages ranging from 0 to 5 and 2.7 to 2.9 Ga, respectively. 3) The analyzed samples recorded two tectono-thermal events during the late Neoarchean to early Paleoproterozoic and at the end of the Paleoproterozoic, respectively. 4) The early Precambrian basement beneath the CHB is similar in many aspects to that elsewhere in the NCC.
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